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INTRODUCTION
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Sincs the reaction between acid, halides and aldehydes had
not been thoroughly investigated, a systematic study was begun, in
this laboratory, of the addition compounds formed by the action of
aliphatic and aromatic acid halides upon aliphatic and aromatic al-
dehydes, to determine the 3C0ps, the nature of the products formed,
and their reactions. One paper has already been published, giving
a description of a series of addition compounds prepared by the ac-
tion of benzaldehyde and certain substituted benzaldehydee on dif-
ferent aromatic acid chlorides and bromides 3nd a description of
a series of addition compounds of oxalyl bromide and aromatic alde-
hydes. A proof of the structure of these compounds in the aromatic
series was given, together with a description of the reactions of
the addition compounds with various reagents.
A second paper t as yet unpublished, contains a descriptici
of a further series of addition compounds between certain aromatic
aldehydes and various substituted and unsubstitut ed aromatic acid
halides. An extensive study of the reactions of the benzaldehyde-
bensoyl bromide addition compound upon various rsa enta such as
primary, secondary and tertiary aliphatic and aromatic amines, pyri-
dine and various metals was reported.
The present paper, the third of the series, shows by ex-
perimental data, that the addition reactions are general between
aliphatic aldehydes and aliphatic acid halides and between aromatic
acid halides and aliphatic aldehydes.
A description is given of a number of addition compounds,
and their reactions with various reagents.

II. HISTORICAL PART

The first mention in the literature of a possible addi-
tion compound between acid halides ^nd aldehydes, was reported by
Wart a . He obtained a compound by the action of chlorine on acet-
aldehyde, to which the empirical formula of C^H^O^Cl was assigned,
explaining, that in its for?nation acetaldehyde was first changed
to its polymer 0qHqO 9> and then that one H was substituted by a chlor
ine atom. L?ter Simpson'^ prepared the same compound by the action
of acetyl chloride on acetaldehyde by heatin. the two in a sealed
tube. Frar.chimont
,
likewise, prepared this compound and det erir.ined
its physical constants more accurately usin;- paraldehyde instead
a.
of acetaldehyde. Finally, Sohiff proved the structure of the com-
pound to be CH3CHCI-O-COCH3, for by treating the addition product
with -oota33ium acetate he obtained ethyiidene diacetate,
r-eocH3
CHSCH^\o-COCH3
This latter compound had been prepared previously by eeuther from
the action of (CH3CO)oO on CH3CHO, and the physical constants Check-
er
ed throughout. Rubencamp 3 prepared a number of similar addition
compounds by the action of propionyl, butyryl and v^leryl chlorides
upon acetaldehyde. He also proved their structure by the formation
of ethyiidene derivatives with silver salts of fatty acids. A sum-
mary of his work appears in the following table.
TABLE I.
Addition Produ crt 3 P Action of Product Formed 3 P
CH3CHO
CH3CCCI
CH3CHO
CHgCHgCOCl
CH3 CHO
CHzCHoCHoCOCl& d a
131.5°
135°
7C0H3O0
AgC 3H5 3
AgC4 H7 2
CH3C!<
2 3
D-0CoH3
CH 3CI<
'3 b
0-CC 3H5
J0-OC4H7
CH3 CHC
>-OC4H?
138.8°
195.2°
315.5°

=5= "
(Table I Continued)
Addition Product B.P. Action of Product Formed B.P.
CH3CHO 16 ?,
CH,C3Hr,CH«CHoC0ClC fcj rj (j
CH3CHO 131.5°
CH3COCI
CH3CHO 135°
C TJ^CHoC0Cl
CH3CHO 131.5°
CH3COCI
CH3CHO 121.5°
CH3OOCI
AgC5 JT9 2
Aec 3H5o3
A5C3H3 2
AgC4H7 3
AgC5Hg 2
o-oc5H9
CH„CTT<0-OCHQ
CTi3CH<
2 *
0-OCzHp-
O-0C4H7
0-OC2H3
CH3CH<
D-0C5Ho
325
176. 8 (
176. 8C
192. S C
194.
9
(
Again, Henry prepared =md characterized the similar addition com-
pounds between paraformaldehyde and acetyl chloride and bromide,
assigning the structures CH3C00CH2 C1, and CH3C00CH2Br to the respec-
tive compounds. The isolation of further addition compounds between
higher aliphatic aldehydes and acid chlorides or bromides has not
been mentioned in the literature up to the present time. However,
Lees"^ isolated some unsaturated esters, by refluxing mixtures of
benzoyl and v^leryl chlorides on certain higher aliphatic ketones.
No intermediate compounds were isolated, out he intimates that ad-
dition probably first took place, and that the halogen e3ter formed,
by continued refluxing subsequently evolved hydrogen chloride produc-
ing the unsaturated ester. Thus methyl -n-n onyl ketone reacted with
benzoyl chloride to give, what he provisionally called B-benzoxy-
undecylene. The question at issue was whether the benzoyl radicle
wa3 attached to carbon or to oxygen giving a diketcne or a benzoxy-
olefine. However, the reactions of the oil, with alcoholic potas-
sium hydroxide to ?ive potassium benzoete and a similar hydrolysis
with hyir cxylamine with the separation of methyl n-nonyl ketoxime,
proved that the benzoyl radicle was not attached to oxygen but that
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the substance wa3 a benzoxy define. Lees explained that the most
probable course of the reaction was that first the benzoyl chloride
becomes attached to the carbonyl group of the ketone, forming the
intermediate compound, ZZ^^^Cl * which by loss
C
8
H17* CH2 01
of hydrochloric acid would fcr^ either of the following compounds.
C8H17 CH3^ C8 TT17- CH^"
I II
He did not determine exactly in which tray the halogen acid
was split off. Lee3 also prepared the analogous compounds from
benzoyl chloride and methyl -n-butyl, methyl-sec. hexyl, raethyl-n-
heptyl ketones, and the condensation products between benzoyl chlor-
ide and acet ophenone, camphor and haptaldehyde,
11
Descude studied the action of anhyircus zinc chloride
as a catalyst on certain reactions and he observed that the reaction
between various aldehydes and acid chlorides, which previously had
been found necessary to heat in a 3 9? led tube to isolate the addi-
tion compound, ran smoothly at room temperature and ordinary pres-
sure in the presence of anhydrous zinc chloride. Descude was not
able to isolate any definite addition compounds between aliphatic
ketones and acetyl and benzovl chlorides, in the presence of anhy-
drous zinc chloride.
In this way acetone and acetyl chloride with zinc chlor-
ide, <rave mesityl oxide ^nd phorone, while acetone and benzoyl
chloride reacted in an analogous manner. The mechanism 0' the re-
action, he presumes i3 a 3 follows:
C£pc=C I- CTf3.OO.CH3l. CH30OCl->CH30O0H I- CH^^^^^
CH|>C<31-C!b OCCr?g ^^Z-^C-W-CCCHt, I- HOI
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In a similar manner in the aromatic series, zinc chloride
catalyzes the reaction between benzoyl chloride and para formaldehyde
in the cold. Descude found that under the same conditions benzoyl
chloride reacted with paraldehyde and benzaldehyde with acetyl and
"benzoyl chlorides but could not isolate definite addition compounds.
He also prepared a number of different homoloKues of chlor methyl
benzoate, a list of which appear in the following table.
TABLE II.
Addition Compound B.P.
chlor methyl propionate 138-130^ ordinary pressure
chlor methyl iso-butyrat e 130-140° ordinary pressure
chlor met hyl n-butyrat e •150° 745 mm. pressure
chlor methyl iso-valerat e 17Q-172 ordinary pressure
chlor methyl benzoat s 116° 10 ram. pressure
chlor msthyl o-toluat e 125-136° 15 ram. pressure
chlor rthyl m-toluat
e
130-13?° 20 mm. pressure
chlor methyl p-toluat e 138° 20 ram. pressure
chlor methyl phenyl acetate Boiling point not given
Paal
,
by the action of zinc dust on certain aldehydes and ketones
with acid halides obtained products, which indicated that addition
compounds had first f orraed although these intermediate products were
not isolated. Thus, benzaldehyde and acetyl chloride in the pres-
ence of zinc dust gave ^ylrobenzoin-diacetat e as follows:
CgHcCHO CH3C0C1
+ + Zn—^InClo + C-HR -p TT^000H3
C6H5 CH0 CH3COCI C%H5Cfe0C0CH3
Similarly benzo-phenone f?ave sym-t etraph-^nyl ethylene glycol diace-
tate, which broke down to -benz pinaVolin and acetic anhydride, as
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( C.Hj o =C=0 CH3COCI (
C
6 H5 ) 2*C-0C0CH3b ° f- *- Zn ^ 7nClo f I
(
C
6 H5 ) 2=00 CH3COCI ( 6 T
*
5 ) g*C-0C0CH3
(CUHj^C-D-OCOCHs (^Hj^rC.5 3
I
3 V 6 3 2 |> (CH3C0) 20.
(C6H5 ) 3=C-0-0C0CK3 (°qK5 ) 2 :C/
In the aromatic series, Wnler and Liebig x '- obtained a
solid by the action of bromine upon benzaldehyde and which they sup-
posed to be benzoyl bromide. Later, Claisen*^ isolated the sarr.e cor.
pound by the action of benzoyl bromide upon benzaldehyde, and sugges
ed that the substance was probably an addition compound of the form-
ula C
f
.H5 C?IBr0C0C6H5 , although he lid net definitely prove its struc-
ture. Laurent and Gerbardt obtained the analogous chlorine com-
pound by the similar action of chlorine on benzaldehyde and which
1G
Schiff also obtained by the action of benzoyl chloride upon ben-
]7
za.ldebyde. Recently Staudina:er and Anthes isolated the corre-
sponding iodine compound by the action of benzoyl iodide upon benzal
dehyde. It was a colorless, crystalline unstable compound, which
they called iod benzyl benzoate.
18
Stand in ;er studied the action of oxalyl chloride on the
carbonyl g:rcup of aldehydes and k stones in replacing the oxygen by
two chlorine atoms. Heat caused this reaction to go practically
quantitatively. However, in two cases, namely benzaldehyde and
cinnamyl aldehyde, intermediate addition products were isolated when
two :nol3 of the aldehyde and one rnol of oxalyl chloride in petrol
ether were allowed to stand for several d a ys at rcora temperature.
These addition oroducts were somewhat unstable 3olids to which
R-PHC1-0-C0
Staudin;£sr assigned the following structure R-CHC1-0-CO. He also
mentions that benzaldehyde and oxalyl bromide reacted under similar
conditions to give the analogous bromine addition compound, which
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was an unstable solid. Finally, and more recently, Adams and
folwiler have prepared a series of the addition products between
aromatic acid halides and aldehydes. Definite addition products
of varying degree of stability were isolated in pure state between
benzoyl bromide, benzoyl chloride and a number of its substitution
products, and oxalyl bromide with various aromatic aldehydes. The
constitution of the products formed wa s proved to be RCHXOCOR
(or PCHXOCOCOOCHXR when oxalyl halides were employed), for on treat-
ing the benzaldehyde-benzoyl bromide addition product with silver
benzoate in absolute ether, oenzili&ene dibenzoate was obtained.
This latter compound had previously been prepared by Wegsch eider
19
and Spath from b en z aldehyde and benzoic anhydride, and the physi-
oal constants of the two compounds agreed. The mechanism of the
reaction from phenylbromomethyl benzoate and silver benzoate is as
follows, C6H5 CHBr0C0C6 T
T
5 f Cg^HOOAs;—^r-rFr f- C6HgCH(0C0CgH5 ) 2
2French has further prepared a series of aldehyde acid h^lide addi-
tion products in the aromatic series, and has studied thoroughly
their reactions as typified by phenyl bromomethyl benzoate. He
has shown that (l) primary and secondary aliphatic amines r e°ct
with phenybromomethyl benzoate to give substituted benz amides,
be nzaldehyde and the hydrobroraide of the amine. (2) Tertiary
aliphatic amines and pyridine react to form additive compounds.
(3) Primary aromatic amines react to produce the hydrobromides of
benzylidene anilines. (4) Secondary and tsrti^ry aromatic amines
react to yield dyes of the triphenyl methane series.
,
(5) Metal
a
react to -ive dibenzoates of sym. diphenyl glycols, and (6) alumi-
num amalgam, potassium cyanide, potassium acetate, potassium benzo-
ate and potassium hydroxide completely hydrolyze the compound.
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Thus, the reactions of phenyl brorao methyl benzoate ;, re
those which might be expected from a rr.ere mixture of ben z aldehyde
and ban£oyl bromide, while others, especially with aniline, tertiary
aliphatic amines, -yridine, and silver salts of organic acids are
characteristic of the addition compound.
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III THEORETICAL PART.

The preparation of addition compounds between acid halides
and aldehydes in the aliphatic and aromatic series involves widely
different methods. In the aromatic series, the addition products
as a rule ar e solids and ar 3 produced by merely mixing the aldehyde
and acid halide in equimol ecular proportions in a ti htly stoppered
flask and allowing to stand at room temperature until solidification
has taken place. In the aliphatic series, the addition compounds
thus far produced are all liquids, which must he purified by frac-
tional distillation under ordinary or diminished pressure and it was
found necessary to heat the acid halide and aldehyde in a scaled
o 3
3
flask at 100-130 in order to produce the substances. Descud«
,
however, found that zinc chloride catalyzed the reaction between
acid halides and aldehydes at room temperature and without exception
the addition compounds between higher aliphatic aldehydes and acid
chlorides mentioned in this paper have been prepared either at room
temperature or heating on the water bath at 90° under ordinary pres-
sure, and in the presence of anhydrous zinc chloride. However, it
was in the aromatic-aliphatic series that bhe most Striking differ-
ence in the method of preparation of the addition compounds was ob-
served. Benzoyl chloride and r,-butyl, isc-valeryl and hspt aldehydes
did not form addition compounds at room temperature even in the
presence of sine chloride. In fact, it was found necessary to re-
flux the mixture for a short time at its boiling temperature fcr
the reaction to take place. And in the case of benzoyl chloride
and paraformaldehyde and. paraldehyde it was necessary to heat the
c
mixture on the water bath at 90 for several hours before the addi-
tion product formed. In the formation of the addition compounds in
the grcmatic-aliphatic series a peculiar side reaction takes place,
narrely, the formation of benzoic or substituted benzoic acids, :ie-

. _———
pending on the nature of the aromatic acid halide used* The forma-
tion of these acids, which necessarily decreases the yield of the
final addition prod-act, might be sxplained by the fact that the ali-
phatic aldehydes employed in the reaction contained a trace of wat-
er which would hydrolyze the acid halide to the free acid. A sec-
ond supposition would be that the addition compound after forming
was unstable and decomposed in some manner to regenerate the- free
acid. Another hypothesis is that a secondary reaction takes place,
which produces water and which in turn hydrolyze3 the acid halide.
The first supposition is hi hly improbable, "or the ali-
phatic aldehydes used were carefully dried over calcium chloride,
and furthermore, the amounts of ire 2 acid formed in any one experi-
ment were entirely too lar?e from what ight be expected by the
trace of moisture still left in the reagents. Equal care was exer-
cised to prevent the moisture in the n ir from entering during the
reaction. The second supposition is contrary to the data obtained
by experiment and the properties of this particular type of addi-
tion compound in the aromatic-aliphatic ssries. In the first place,
no addition product was obtained at all at room temperatures, but
after refluxing at higher t e'pera.ture3 for a short time, the additior
product was obtained, an experience which ices not indicate especial
instability. In fact, the benzoyl chloride-aliphatic aldehyde ad-
dition products were sufficiently stable to permit sh^kinr their
ether solutions with 10$ sodium carbonate (to remove the acid
formed in the reaction) without d ec opposition. Even Lees^ found
it necessary to reflux benzoyl chloride and heptaldehyde for six
hours at a high temperature before he obtained the unsaturated
est er C6H5C00CH=CH( CHg) 4CH3, which he called oC benzoxy oC
v eptylene
and which was probably produced by the loss of hydrogen chloride
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frcra the halogen est er. The conclusion was therefore drawn that
the formation of free acid in the experiments waa due to a secondary
reaction.
A probable explanation of thia secondary reaction is that
the particular aldehyde employed undergoes an aldol condensation,
with the production of water. The v/ater formed in turn would hydrol-
yze the acid chloride. That water wa3 actually formed during the
course cf the reaction was observed in many of the experiments. If
this secondary reaction was caused by water formed in an aldol con-
densation of the aldehyde, one wcvld expect to obtain more free
acid when employing' an aldehyde such as n-butyl, than the amount
formed when using a higher aldehyde luch as hept aldehyde, for the
former undergoes an aldol condensation more readily than the latter.
This was actually observed in experiment. That thia secondary re-
action i3 orobably due to an aldcl condensation of the aliphatic
?ldehydes smployed was also borne out by Lees, who observed the
formation of larre amounts cf benzoic acid in the preparation of
«C benzoxy oC heptylene and whioh he explained in a similar fashion.
That the frse acid formed in the reactions with benzoyl
chloride was due to an aldol condensation cf the aliphatic aldehyde
was further indicated by experiment. A cet aldehyde waa obtained
from its polymsr paraldehyde by distillation with a small amount
of concentrated sulphuric acid. Ac ete Idehyde will under; o an aldcl
condensation more readily than its higher hcmclopues, and conse-
quently when the free aldehyde is 1: eat ed on the water bath with
oen3oyl chloride, there should be ore benzoic acid formed if the
theory i3 true. In the experiment perform 3d, the addition compound
was net isolated but a high boilinp condensation product of acetal-
dehyde -and all of the benzoyl chloride was convert ed to benzoic acid
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Ho*vever, when the polymer paraldehyde was used, the amount of ben-
;
zoic acid formed '.79.3 small in comparison, which indicates that a s
I the free aldehyde is liberated, the reaction to form the halo^enated
ester is more rapid than the aldol condensation, the "benzoyl chlor-
ide always being in 3x0 ess.
Again, when benzoyl chloride was refluxed 13 hours with
chloral, although an addition compound was not isolated, yet there
•vas no benzoic acid formed in the reaction. It will be observed
that in chloral CCI3CHO, all of the hydrogen at onus on the alpha
carbon atom are substituted with chlorine atoms and therefore is
incapable of undergoing an aldol condensation. Therefore, since
there was no benzoic acid formed in this case, the conclusion was
drawn that the acid formed in the other experiments came from
' hydrolysis of the acid halide by the water eliminated dxiring an
aldol condensation of the unsubstituted aliphatic aldehydes used.
In the aromatic series, the ease of formation and the
stability of the addition compounds was greatly influenced by the
nature of the substituent roups in the ring of both the acid hal-
ide and aldehyde. Thus, the indications were that negatively sub-
stituted acid halides or aldehydes enter into the addition reac-
tions less easily than the unsubstituted ones. In the aliphatic
series, no such generalization could be drawn, in a3 much as most
of the aliphatic aldehydes and acid halides employed were unsub-
stituted ones. However, it was found that the nature of the simple
aliphatic halide used did influence the ease of reaction anal stabil-
ity of the compound formed. Thus, acid bromides react ed with :r eat-
er viol3iice and the addition compounds produced were -ore unstable
than the corresponding acid chloride compounds. This characteris-
tic is probably due to the fact that hy .ro . en bromide as a rule is
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more easily split off from com-ounds than hydrogen chloride.
The addition reactions between the aldehydes and acid
halidss studied was greatly influenced by the size of the molecule
of the aldehyde and to a less extent, the acid halide. Acetyl chlor<
!
ide reacted more violently and greater speed with acet aldehyde than
heptaldehyde. It was necessary to heat acetyl chloride and hept-
aldehyde on the water "bath for aorae time to obtain the halogenated
ester whereas acetyl chloride and acetaldehyde react immediately
at room temperature. Valeryl chloride reacted vigorously with
paraldehyde and with more violence than iso-valeryl aldehyde with
acetyl chloride. The conclusion was, therefore^ drawn that the
number of carbon atoms in the aldehyde used influenced the reactions
to a narked degree, the lower members having a greater speed of re-
action. The difference in reactivity of the various acid halidss,
other than acetyl chloride, " rith any particular aldehyde was not
marked, but in this case also the nature of the aldehyde wa3 most
important
.
In general, the stability of the aliphatic acid halide-
aldehyde addition products prepared was decreased, the higher one
advanced in the homologous series and all •.•'ere easily decomposed
by water in a short time.
The aromatic acid halide-aliphatic aldehyde addition com-
pounds, on the contrary, although formed with greater difficulty
• hen once produced were stable for an indefinite period in water
and even more so than benzoyl chloride itself.
The constitution of the aldehyde-acid chloride addition
products in the aliphatic series has already been proved by Schiff8
with the acet aldehyde-acetyl ohloride addition compound. Wurtz
who first prepared this substance proposed either one of the two

-17-
following formulae:
3h3-ch^\ c. cich3 ch3-ch^ ^c, ci
Ej-, 1 11
Both of these formulae show an addition of one molecule of
acetaldehyde with one of acetyl chloride but each one in turn in-
volves linkage of the two molecules through oxygen, a linkage which
would in all probability be very unstable. This i3 net particularly
true for chlor ethyl acetate is a comparatively stable liquid. How-
ever, Schiff definitely disproved both of these formulae, and estab-
lished the fact that the addition product between acetaldehyde and
acetyl chloride v;a3 a halogen ester and assigned to it the following
formula:
CT!3C0-O
"
"CHCH
CI- 3
III
This structure of the compound wae derived from the fact
that on treating the purified addition compound dissolved in absolute
alcohol with potassium acetate, double decomposition took place to
form ethylidene diacetate. The mechanism of the reaction, therefore,
was as follows:
CH3COOCHCICH3 f CH3COOK- *(C^T3C00) ? =C"TT :3 f KC1
Ethylidene diacetate had previously been prepared by Geuther 7 from
acetaldehyde and acetic anhydride, and the physical constants of
the two compounds compared favorably. Rubencamp arrived at the
same conclusion by treating the compound with 3ilver acetate in ab-
solute ether solution, whereby ethylidene diacetate and silver
chloride was obtained. He also proved that the structures of the
corresponding addition compounds between acetaldehyde and propionyl

butyryl, 9 nJ. valeryl chlorides was the same for on treating these
compound 3 in s similar manner with silver propionate, 'tyityrat e and
valerate respectively, ethylidene dirropionat e, dibutyr^t<€ and di-
valerate were obtained in the order named. These reactions can
best be explained by formula III, assigned to the acet aldehy ie-
acetyl chloride addition compound by Sohiff, In as much as the
•structure of the addition compounds between formaldehyde, acet alde-
hyde and acetyl chloride, together with =i few of their homologues
in the aliphatic series, had already beer, proved, it seemed unneces-
sary to establish further the structure of the addition compounds
of the higher aliphatic aldehydes and acid chlorides .iven in this
paper, but to let an elementary analysis for halogen suffice.
Ho'.vever, in one reaction tried, namely that of potassium
hydroxide on the acetyl chloride-lisptaldehyde addition compound,
products •vere obtained which indicated the probable structure of
the compound. In this reaction, potassium acetate, potassium chlor-
ide and heptaldehyde
-7 ere produced, which would indicate that the
addition compound was a halogen ester and similar in structure to
its lo ^cr homologues.
The mechanism of the formation cf these products might be
represented by the following equation,
CH3C00-C
TJ CI (CHP ) 5 CH 3f 2K0H tfJH^COOK f- KC1 F
TT
oO \- CH3 (CH2 ) 5 CH0
.
It is true that a mere mixture of acetyl chloride and
heptaldehyde might yield these same products with potassium hydrox-
ide, but it is hard to conceive that if the substance was a mere mix
lure why the boiling point under diminished pressure was sc constant
A mere mixture of an aldehyde and scid chloride, even though pos-
sibly having a constant boiling point would show some signs of re-
action or decomposition after standing for some time and this p»r-
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ticular compound remained perfectly colorless with no signs of de-
composition for an indefinite period.
In the aromatic 3 3ries, the structure of the aldehyde-acid
halide addition compounds has been proved by Adams and VolwilerA
using the product obtained by the action of benzoyl bromide upon
benzaldehyde. In the aromatic series, again there "re three formu-
lae, which might be advanced to explain the reactions of the com-
pound 3.
oO ~ ' $—
or
II
.
=sr 0-C0C6H5
^ v
rr
III
The first formula involves an ether linkage, an unstable
and improbable structure. The 3eccnd formula pr?supposes a hydroxy!
?>roup and a halogen on the same carbon atom, an extr emely unstable
structure 30 that compounds containing t" is ^rcupin;.- have not been
isolated, owing to the gr eat tendency to split off halogen acid.
The third for inula, which proved to be the correct one, represents
the addition compound as a halogen ester, a structure which is simi-
lar tc the analo ;cu3 compounds in the aliphatic series. This con-
stitution was deter.-fiined by the action of silver bensoate upon
phenyl bromomethyl benzoate, whereby benzylidene dibenzoata was ob-
tained. This letter ccmpovmd was similar in all re.-pects to the
benzylidene dibenroate prepared previously by "'e .scheider and
Spath^ 9 from the action of benzoic anhydride nr^on benzaldehyde.
The formation of benzylidene dibenzoate from the action
of silver benzoate upon phenyl bromo methyl benzc^te 'nay be repre-
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3 ent 3d by th e fol lowing r sac t i on
:
C6H5 c
"°-CHErC6
t7
5 *" C6?5C00A* ^^5^(000%%) 2 f .AgBr
That the compounds, nentioned in this paper, obtained by the action
of benzoyl chloride upon certain =»lipha tic aldehydes n re ^Iso halo-
gen e3ters of benzoic acid, may also be inferred by the action of
potassium hydroxide upon them. Thus, when the compound obtained
by the action cf benzoyl chloride on iso-valeryi aldehyde was heat-
ed on the '.rater bath with pulverized potassium hydroxide, it was
decomposed and the products obtained were potassium benzoate, po-
tassium chloride and isova leryl aldehyde, as follows:
CgHgCOO- CHClCH3CH(CH3 ) 3f 3
irQH XJgHgCOOK h KC1 f HgO (- ( CH3 ) 2CHCH2
It is therefore reasonable to maintain that all the compounds ob-
tained by the action of acid halides upon aldehydes both in the ali-
phatic and aromatic series are halogen esters.
In the reactions tried, using chlor methyl acetate for
the aliphatic and chlor methyl behzoate for the aromatic-aliphatic
series, no different reactions were observed than those obtained by
other investigators, using corresponding addition compounds.
In general the reactions observed were those which might
be expected from a mere mixture of the acid halide and aldehyde
employed, while others were characteristic cf the addition compounds
Thus, as example of the first type of reaction, ammonia, mono methyl
amine, diethylamine, ^nd aniline reacted as follows:
1. RC00CH3C1 |- 3NH3—»RC0HH2 f- NH4©1 I- r
TT
3
2. RCOOCHgCl f- 3CTT 3 :
T
TT
3
—RCOWHOH3 f- CH3HH3.HCI f CH3C.
3. PC^^Cl h 2{C^.5 ) zln »nC0HH(C2H5)gf {
C
?
Tr
5 )
,TTT
.
TI 01 f CHgO
4. RC00CH2C1 t- 3CgH5ira2 ^RCONH(%H5 f- CgHsflHgHCl I- OH3O
where H represents either a methyl or a phenyl roup.
Pyridine and quinoline reacted to ive stable salts char-
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act eristic of the addition compounds,
RCOOCHoCl f RCOO&L
3lN
and
RCOOCHoCl f RCOOCH.

.CO.
IV. EXPERIMENTAL PART
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The preparation of Edition compounds between aliphatic
aldehydes and acid halides, and aliphatic aldehydes and aromatic
acid halides involves using different methods than those employed
for the preparation of the condensation products between aromatic
acid halides and aromatic aldehydes. In the latter case equimole-
cular1 amounts of the arcm=tic aldehyde and acid halide are mixed
and allowed to st'md at room te:r;cer?t^re in a tightly stoppered
flask until solidification occurs. In the aliphatic-aliphatic ser-
ies, and aromatic-aliphatic series, the condensation products pre-
pared ar 3 all liquids.
For the preparation of the aliphatic-alirh^t ic addition
products the following directions ^re used. Squimolecular amounts
of the aliphatic aldehyde and aliphatic acid halide are weighed cut
in a round be ttom flask, which is ground to fit a na.ter condenser.
A minute quantity of anhydrous zinc chloride may be added as a cata-
lyzer 1 "1". Upon mixing the aliphatic aldehyde and aliphatic acid
halide, there is considerable heat evolved in many case3 causing
the reaction mixture to boil gently. However, the reaction soon
subsides and further heating on the water bath at 90° for 3-4
hours i3 advisable. At the end of this time, the reaction mixture
is distilled once under diminished pressure, the purpose of which
is to prevent decomposition when zinc chloride has been used to cats
lyze the reaction. The reaction doe3 not go to completion in the
aliphatic series and hence the reaction products mii.it be separated
from unchanged material by efficient fractional distillations, eith-
er under ordinary or diminished pressure. In this manner, from 50-
70$ yield o f the haloo:enated esters, boiling over a ? - 3 degree
range, is obtained.
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It has been found that the addition products between aro-
matic acid chlorides and aliphatic aldehydes, with the exception of
paraformaldehyde, form with more difficulty, and it is necessary
even to reflux the reaction fixture for several hours. In general
the method of preparation for the aromatic acid halide-aliphatio
aldehyde condensation products is as follows. The aromatic acid
halide is heated with a free flame and then equi molecular amounts
of the aliphatic aldehyde added slowly from a dropping funnel, re-
fluxing gently from 1-3 hours. The reaction mixture is allowed
to cool and treated with 10$ NaoCOj solution and ether to remove
the aromatic acid which is formed a3 a side reaction. It has been
found that the aromatic acid halide-aliphat ic aldehyde condensation
products are stable toward water and in ether solution stable to
IC/* Ma^COg. The ether layer is separated, dried \vith CaClr, and
distilled, the ether under ordinary pressure and the residual oil
under diminished pressure. The yields of the condensation products
in this series are from 40-50$, based on the amount of aldehyde
used. The smaller yields are probably due to the fact that a con-
siderable portion of the aromatic acid halide is hylrclyzed by wat-
er which is formed in a secondary reaction.
In the preparation of the condensation products between
aromatic ?cid halides and paraformaldehyde, the two are simply
weighed out in a round bottom flask --round to fit a water condenser,
an 1 heated on the water bath till the solid paraformaldehyde which
has been dried in an oven at 95-100° has disappeared. The reaction
mixture is then distilled and fractionated directly under diminish-
ed prs3Tiire. In every case, there is a small amount o c low boiling
product and also high boiling, which is separated by distillation.
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The formaldehyde condenses in the receivers toward the end of the
distillation and at times during the distillation, probably due to
the fact that there is 3ome slight decomposition of the condensation
product. The physical constants reported in this paper are in every
case uncorrected,
A. Reactions of Aliphatic Aldehydes and Aliphatic Acid Kalides.
1. Addition Products with Paraformaldehyde.
Pare formaldehyde and Acetyl Chloride- CH-C^-OCHgCl, chloro-
methyl acetate.
The paraformaldehyde used in the experiments was the ord-
inary commercial powder, which wa3 carefully dried in an oven at
95-100
.
The acetyl chloride used was freshly redistilled to insure
a pure product. The ZnCl.? was fused and powdered before each exper-
iment. 30 grams (1 mol) of paraformaldehyde wa3 added to 78 grams
(l mol) acetyl chloride in a r.b. flask. There was no appreciable
reaction in the cold. On adding a pinch of fused, powdered sine
chloride^"
,
a reaction took place at once with an evolution of heat.
The flask was attached to a water condenser and heated on the water
bath at 90° until the paraformaldehyde had disappeared (S hours).
The reaction mixture was then transferred to a Claisen bulb and dis-
tilled under diminished pressure (to prevent decomposition from the
zinc chloride). Most of the liquid boiled between 35-75° at 7 mm.
pressure. The product was separated into 3 fractions by distilla-
tion under ordinary pressure.
I. Fraction 3. P. 100-110° 14$ mm.
XI. Fraction B.P. 110-130° 748 mm.
III. Fraction B.P. 120-170° 748 ram.
After several fractional distillations, a product was ob-
tained which boiled constant on redistillation, at 113-115° 748 mm.
and weighed 35 grs. The yield was 5# .
1
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Tha low boiling portion, about 15 gra. , consists largely of dichloro
dimethyl ether, and the high fraction, about l 7 gms . of methylene
diacetate formed according to Descude"^ by the following reaction.
2 CH3COOCH3CI (CH3-CO) 2 I- 0(CH3 C1) 3 . B. P. 105°
(CH3 -C0) 2 -h CH2 » (CH3 .C00) 3CH2 .
The boiling point of chlorc methyl acetate '-riven in the literature
is 115° at 758 ram , The product was a colorless liquid with pene-
trating odor and did not decompose cn standing in a tightly stop-par-
ed reagent bottle.
Bubst., 0.3033} AgCl, 0.28 20.
Calc. for C3H5O3CI: CI, 32. 7?r. Found: 33. 95$.
Paraformaldehyde and Propionyl Chloride5 CH^CHgCOO-CHgCl,
Chloro Methyl fl cetate'
The propionyl chloride was prepared by the action of
20
cxalyl ohloride (3 mols) uron propionic acid' J (2 mols) and redis-
tilled twice for purification, B,?. no-Ql at 750 mm. 15 grams of
dry paraformaldehyde was added to 46 grams of propionyl chloride.
There was a slight reaction upon mixing the two, however after
adding a pinch of fused zinc chloride, the reaction became vigor-
ous, with evolution of considerable heat. The mixture was heated
on the water bath until the paraformaldehyde had disappeared (30
minutes) and then transferred to a Claisen bulb and distilled und-
er diminished pressure. Most of the liquid boiled between 68-80
a t 40 mm. The dijtillate was separated into three portions by
fractional distillation under ordinary pressure using a Tood col-
umn.
I. Fraction B.P. 100-125° at ?40 mm.
II. Fraction B.P. 125-135° at 740 mm.
III. Fraction B.P. 135-165° at 740 mm.
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After several fractional distillations 30 grama cf a pro-
duct was obtained which proved to be chloro-methyl propionate and
boiled at 123-130° at ?40 ram. The literature11 gives the boiling
point a3 138-130°, no corresponding pressure being recorded. Frac-
tions I (10 grs.) and III (10 grs.) probably consist of dichlor-
dimethyl ether and the diprcpionate of methylene as indicated above.
The halo r;enat ed ester wa3 a colorless liquid, with a sharp odor.
The yield was 50$.
Paraformaldehyde and Butyryl Chloride= C^CHgCHgCO-O-CHgCl,
Chloro Methyl Butyrate.
The butyryl chloride used in the reaction was prepared
by the action of thionyl chloride (3 mols) on butyric acid (2 mcls),
The product U3ed boiled at 99-100° at ?40 mm. 53 grams of the acid
chloride was weighed out in a r.b. flask, together with 15 <?rams of
dry paraformaldehyde. There was no evidence of a reaction in the
cold. -After adding a pinch of fused zinc chloride, a vigorous re-
action ensued, the reaction was completed by heating upon the
water bath at 90 till the paraformaldehyde had disappeared (1 nr.).
The mixture was then transferred to a Claisen flask and distilled
under diminished pressure, the greater portion boiling at 70-100°
at 40 mm. The product was then separated into three fractions by
distillation under ordinary pressure.
I. Fraction B.P. 120-140°.
II. Fraction B.F« 140-150°.
III. Fraction B.°. 150-170°.
The three portions were refract ionat ed several times,
at 738 ram.
until a product was obtained boiling at 148-9°/and was chloro methy:
i o11butyrate. The literature-1 %-ives the boiling point as 150 at
745 mm. 35 grs. of the halogen at ed ester was obtained, making a
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yield of 51$, 20 grams of the low boiling and 15 grams of the
high boiling fractions were also obtained. The addition product
was a colorless liquid, with a penetrating odor. The product did
not decompose on standing in a tightly stoppered reagent bottle.
Paraformaldehyde and n-Valeryl Chloride-CHaCHgCIfgCHgCO-O-CHgClj
Chloro Methyl n-Valerate.
The valeTyi chloride was prepared by the action of thio-
nyl chloride (3 mols) on n-v?leric acid (2 mols) . 65 grs. of the
acid chloride, B.P. 106-7 at ?5Q mm., and 15 grams of dry para-
formaldehyde with a small portion of fused zinc chloride were plac-
ed in a round bottom flask. The mixture was heated on the water
bath at 90° until the paraformaldehyde had disappeared (1 hour).
The yellow liquid was then transferred to a Claisen bulb and dis-
tilled under diminished pressure, the greater portion boiling at
60° to 75° under 20 mm. pressure. The distillate was then separ-
ated into three fractions by distillation under ordinary pressure.
I. Fraction B.P. 120-160° at 750 mm.
II. Fraction B.P. 130-170° at 750 mm.
III. Fraction B.P. 170-200° at 750 mm.
The distillates were then refracticnat ed several times
until a product was obtained which boiled constant at 153-166° at
750 mm.
50 grams of the halogenated ester was obtained while 30
grams of the low boiling and 7 grs. of the hiph boiling fractions
were recovered respectively. The yield was 65$, based on the pro-
ducts recovered. The chloromethyl n-v^lerate was a colorless
liquid possessing a sharp odor and not decomposing on standing in
a reagent bottle.
Subst., 0.1744; AgCl, 0.1550.
Calc. for CqHuCsCI: CI, 23.6. Found, 23.9.
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Paraformaldehyde and Acetyl Bromide* OF^CO-O-CHrjBr, Bromo-
metnyl Acetate.
The acetyl bromide was prepared by the action cf red
21
phosphorus and bromine (1 mol) upon glacial acetic acid (1 mol)
The product boiling at 80-31° at 750 ram. wa3 used. 133 grs. of
the acid bromide and 30 grams of dry paraformaldehyde were placed
in a r.b. fla3k. No zinc chloride was used, as the reaction takes
place with extreme violence, on merely mixing the two che^ic^ls.
It wa3 not necessary to heat on the water bath, because the para-
formaldehyde had all disappeared within 10 minutes, its own heat
of reaction being sufficient to carry the reaction to completion.
The brcwn liquid was then transferred to a Olaisen bulb and dis-
tilled under diminished pressure, the main portion boiling1 at 50-
80° at 18 mm. The distillate waa separated into three fractions
by distillation under ordinary pres-ure.
I. Fraction 80-138° at ?50 mm.
II. Fraction 138-138° at 750 mm.
III. Fraction 138-170° at 750 mm.
After repeated fractionations, a product was obtained
which boiled constant at 130-133° at 750 mm. The literature2
£i-/33 the boiling point of the brominated ester as 130 at 746
mm. 80 grams cf the addition product was obtained while the low
bciling fraction was composed of 30 grams and the high boiling
fraction 30 grams of the distillate. The yield was 60^, based on
the products recovered. Bromo -methyl acetate is a colorless,
heavy liquid, fuming slightly in the air, and i3 stable.
Paraformaldehyde and Chloro Acetyl Chloride=CH3ClC0-0CH2 Cl,
Chloro ".'ethyl Mono Chloro Acetate.
In order to show that the reaction between paraformalde-

-30-
hyda and aliphatic acid halides was general, a substituted acid
chloride was used. The acid chloride employed, wa3 mono-chloro acetyl
chloride, prepared by the action of oxalyl chloride (2 mols) on mono
chloroacetic acid"^ (1 rrol). The product used in the reaction
boiled at 103-106° at 750 mm. 56 gr- 5 m3 of the acid chloride and
15 grams of dry paraformaldehyde, with a pinch of fused zinc chlor-
ide were Placed in a r.b. flask. The reaction mixture was heated
. o
on the watsr bath at 90 for 4 hours until the paraformaldehyde had
disappeared. The liquid was distilled under diminished pressure, the
greater portion boiling at 45-110° at 40 mm. The mixture wa3 then
separated into 3 portions by fractional distillation under ordinary
pressure.
1. Fraction B.P. 95-105° at ?45 mm.
II. Fraction B.P. 1?5-135° at 745 mm.
III. Fraction B. ?. 140-300° at 745 mm.
After several fractional distillations, a product was ob-
tained which boiled constant at 130-2° at 745 mm. and weighed 30
gram3. The low boiling fraction, about 15 grama, was probably un-
changed acid halide and the hi^h boiling fraction, consisting of
8 grams, ws.s probably a high boiling condensation product. The
yield was 50 c/b. The halogenated ester va3 a heavy, colorless liquid,
with a 3harp odor and was stable.
Subst., 0.14'?7; AgCl, 0.3893.
Calc. for C3H4 3 C12 ; CI, 48.8. Found, CI, 48.5.
2. Addition Products with Paraldehyde.
Paraldehyde and Acetyl Chloride= CH3COO-CHCICH3. c< chloro-
ethyi ^cet^te.
-
3 cet -aldehyde itself was not used in the experiments since
A 5
it was found by Sinpson and Franchmont that its polymer paralde-
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hyde would condense equally as well. 117 grs. (1 mol) of freshly
distilled acetyl chloride and 66 grams of paraldehyde were placed
in a round bottom flask ground to fit a water condenser. A marked
reaction took place on mixing the two chemicals, accompanied by an
evolution of heat. The reaction mixture was then heated on the
w^ter bath for 3 hours, after which it was transferred to a Olaieen
bulb and distilled under diminished pressure. The product boiled
at 50-70° at 30 mm. The distillate was then separated into 3 por-
tions by fractional distillation.
I. Fraction B.P. 60-110° at ^40 mm.
II. Fraction B.P. 110-120° at 7 40 mm.
III. Fraction P.P. 130-I5§ at 740 mm.
After several fractionations 95 grams' of a product was
obtained, B.P. 113-116° at '7 40 mm. The literature5 ive3 the boil-
Qing point of chloro ethyl acetate as 131.5 at 7 46 mm. Several
different runs were made but in no case did the larger portion of
the liquid boil at thi3 temperature. 30 grams of the low boiling
and 38 grams of the high boiling fraction was also obtained. The
yield of the -oC chlor ethyl acetate was 62^. The addition product
was a colorless, heavy liquid, with a ehafact eristic ester odor and
which turned slightly yellow on standing.
Subst,, 0.1S65; AgCl, 0.2300.
Calc. for C4
T
! 7 2 C1: 01, §8.9?. Found, 39.
3
Paraldehyde and Propionyl Chloride* CH3OH3CO-O-CHCICH3
,
chloro ethyl propionate.
49 grama of propionyl chloride, prepared by the method
cited above, and 32 grams of paraldehyde were placed in a round
bottom flask and heated on the water bath at 90° for one hour. The
liquid, which had turned dark, was distilled under diminished pres-

sure. The greater portion of the reaction mixture boiled at 65-75
at 70 mm. The liquid was then separated by fractional distillation
into three portions.
I. Fraction 3. P. 100-130° 740 mm.
II. Fraction H.P. 130-140° 740 mm.
III. Fraction B.P. 140-180° 740 rem.
On refractionatins: several times, 30 grams of a product
was obtained with constant boiling point of 133-5° °t ^40 mm. The
literature <ives the boiling point of the halo.^enated ester a3
134-136°, no pressure being given. 15 grama of the low briling
fraction and 10 i-rrams of the high boiling fraction were also ob-
tained. The yield of the addition product was 55^. The halogenat-
ed ester was a heavy, colorless liquid when freshly distilled, but
turned dark on standing, thcjre beini? some decomposition. It possess
ed the characteristic odor of all the halo-cn^t ed esters.
Subst., 0.1940. AgCl, 0.3068.
Calc. for C5Fg 2Cl: CI, 33.00. Found, 33.3.
Paraldehyde and Butyryl Chloride= C^C^oCI^COO-O^ClC^,
chloro ethyl bntyrate.
53 srams of butyryl chloride, prepared a3 indicated above,
and 23 r^rams of paraldehyde were placed in a round bottom flask and
heated on the water bath at 90° for 1 hour. The liquid, which had
turned dark during the reaction, was transferred tc a Claisen flask
and distilled under diminished pressure, the main portion boiling
at 75-35° at 50 mm. The product was then separated by fractional
distillation.
I. Fraction B.P. 130-145° 740 mm.
II. Fraction B.P. 145-155° 740 mm.
III. Fraction B.P. 155-190° 740 mm.
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Repeated fractionation cave 35 grarng of a constant boiling
product, 150-153° at 740 mm. TI13 literature^ cives the boiling-
point of the halogenated ester a3 149-151°, no pressure being ^.iven.
The low boiling fraction consisted o f 30 grams, and the high boiling
fraction 10 grains . The yield of <*£ chloro ethyl "outyrate was 50^.
The halogenated ester was a heavy, colorless liquid, decomposing
somewhat on standing. It had a shsjrp odor.
Sub St., 0.1972, AgCl, 0.1904.
Calc. for C6 U11 3C1: 01, ^3.81. Found, 03.59"'.
Paraldehyde and Valeryl Ohloride» CH3 (CH3 ) ^COOCHClCH^erf* chloro-
ethyl valerate.
75 grams of valeryl chloride, prepared by the method al-
ready indicated, and 37 grams of paraldehyde were -"laced in a round
bottom flask and heated on the water b^th at 90° for 3 hours. At
the end of that time, the dark liquid '-/as distilled under diminish-
ed pressure, the main product boiling at 95-100° at 13 mm. The
distillate was then separated by fractional distillation under ord-
inary pressure.
I. Fraction B.P. 100-159° at '750 mm.
II. Fraction B.P. 159-169° at ?50
III. Fraction B.P. 1G9-300 at 750 mm.
After several fractionations, SO ...rams of a product boiling con-
stant at 163-135° at 750 mm. was obtained. The literature8 2'ives
the boiling point of the halogen ester as 163-164°, no pressure be-
ing given. Th3 low boiling fraction composed 30 grams and the high
boiling fraction 15 grams of the distillate. The yield of the ad-
dition product was 6 3>. The halo^enat ed ester was a heavy, color-
less liquid, which decomposed slowly on standing.
Subst., 0.3370; AgOl, 0.1944.
Oalc. for gTgTgOgCl: 01, 31.55. Found, 31.3.

Paraldehyde and Acetyl Bromide* CK3C0-0-CHErCH3 ,
Bromo Ethyl Acetate.
13? grama of acetyl bromide, prepared by the method cited
above, and 44 grams of paraldehyde were weighed out in a round bottom
flask. The two reacted almost instantly, with evolution of much
heat. The reaction was finished by heatinr on the water bath at 90°
for 3 hours, and then distilled under diminished pressure. The main
portion of the dark liquid boiled at 70-80° at 30 ram. The distill-
ate was then separated by fractional distillation under ordinary
pressure.
I. Fraction B.P. 110-130° 738 mm.
II. Fraction B.P. 130-138° 738 mm.
III. Fraction B.P. 138-140° 733 mm.
Repeated fractionations gave 93 gr^ms of a product boiling constant
at 133-135° at 738 mm. There wa3 30 grains of the low boiling frac-
tion and 18 grams of the high boiling fraction. The brominated
ester was a heavy, colorless, fuming liquid which decomposed easily.
The yield of addition product was 65$.
Subst. 0.3344; AgBr, 0.3S44
Calc. for C4H7 2Br: Br, 47.8$, Found, 48.1$.
Paraldehyde and Bromo Acetyl 3romide= CrT3BrC00-CHBrCH3,
Bromo ethyl mono bromo acetate.
The reaction between paraldehyde and the jrh^titurca ali-
phatic acid halide, bror. acetyl bromide was studied, to 3how that
the condensation reactions between paraldehyde and aliphatic acid
halides was also of general application. The bromo acetyl bromide
was prepared by the method of Hell33
,
Volhard34
,
7 elinsky^5
,
and
the product used boiled at 148-150° at 750 mm. 75 grams of the
acid halides and 11 grams of paraldehyde were placed in a round
cottom flask ground to fit a water condenser. There was a viperous
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reaction upon mixing the two chemicals, which was completed by heat-
ing on the water bath at 90° for 1 hour. The liquid, which had
turned a deep red color, during the reaction ~rom liberation of free
bromide, was transferred to a distilling flask, as described by
36
•loyes
,
witncut the separatory funnel attached, and distilled under
diminished pressure. The product was distilled under diminished
pressure, because there was decided decomposition of the liquid at
high temperature and ordinary pressure.
After repeated fractionations in vacuum, the reaction mix-
ture was separated as follows:
I. Fraction B.?, 45- 90° at 18 mm. 10 grams.
II. Fraction R. ?. 90-100° at 18 mm. 35 grams.
III. Fraction 3. P. 130-140° at 18 mm. 13 grams.
The low boiling fraction was l^r^ely unreacted acid hal-
ide and the high boiling fraction complex condensation products.
The middle fraction, however, contained a constant boilin- product,
35-97°, at 9 mm. which was<s£ bromo ethyl mono brcm acetate. It was
a heavy colorless liquid, with sharp odor, which decomposed easily
on standing. The yield was 80$,
Sub st. 0.2060; AgBr, 0.3175.
Calc. for C4%02Br : Br, 65.05. Found, 65.3.
3. Addition Products With Isobutvl Aldehvde.
Isobutyl Aldehyde and Acetyl Chlor ide=CH3C0-0-CFC10F<^^ ,
oC chloro iso-butyl acetate.
TI13 iso-butyl aldehyde was prepared by the method de-
scribed in Vanino^ 7 from iso-butyl alcohol. The product boiling
at 67-69° was used. The acetyl chloride was redistilled. 50 y.rams
of the aldehyde and 5«i errams of acetyl chloride were placed in a
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round bottom flask. The reaction mixture warmed immediately, and
. , ,
„o
was finished by heating on the water bath at 90 for 1 hour. The
liquid which had turned dark during the reaction was then distilled
under diminished pressure, the product boiling at 40-105° at 50 mm.
The addition products with aliphatic acid halides and aliphatic
aldehydes other than paraformaldehyde and paraldehyde were fraction-
ated under vacuum, to prevent the decomposition which seemed to take
place at higher temperatures and ordinary pressure, and therefore,
the physical constants of the former are given under diminished
pressure only. After repeated fractionations in vacuum, the follow-
ing fractions were obtained.
I. Fraction (10 jraras) E.P. 40- 75° at 50 ram.
II. Fraction (53 ,:rams) P.P. 75- ?5° at 50 ram.
III. Fraction (37 grams) P.P. 85-100° at 50 ram.
The low boilinr; fraction was unreacted acid halide and
aldehyde and the high boiling other condensation products. Fraction
II was composed l^r^ely of the haloren^ted ester and after several
rectifications, yielded a product E.P. 79-31° at 50 mm., which was
o£ chloro iso-butyl acetate. The yield was 59$. The halcgenated
ester was a heavy, colorless liquid, which turned dark on standing,
decomposing readily.
Subst., 0.3354; AgCl, 0.3070.
Calc. for CgH^OoCl: CI, 33.6. Found, 33.5.
Isobutyl Aldehyde and p ropionyl Chloride=
CH-7CH9C0-0-CTTClCT-<r , chloro i30-butvl propionate.
64 grams of prcpionyl chloride and 50 grams of isobutyl
aldehyde were weighed out in a round bottom flask. A violent reac-
tion occurred upon mixing the two chemicals which was completed by
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h eating on the water bath at 90 for 1 hour. The dark liquid was
distilled under diminished pressure, the product boiling at 50-130°
at 18 mm. The distillate was then refractionat ed several times un-
der diminished pressure and separated into the following portions.
I. Fraction (10 grams) B.^. 50-65°, at 18 mm.
II. Fraction (41 grams) E.P. 55-75°, at 18 mm.
III. Fraction (15 gTam.3) E.P. 75-120°, at 18 mm.
The middle fraction was composed largely of the halo^en-
at ed ester and aft sr 3 3veral redistillations in vacuum yielded a
product boiling constant at 37-70° at 13 mm. and wa3 °C chloro iso-
butyl propionate. The yield was SO?! . Ths he»vy, colorless liquid
possessed a 3*narp odor, and decomposed on standing.
3ubst., 0.1740; A:
:
01, 0.1535
Calc. for C 7H13n3ci: CI, 31.55. Found, 31.8.
Isobutyl Aldehyde and Butvryl Chloride3 CFU0Ko TT o C -O^CHCICH
'
3 3 N CH;
oC Chloro Isobutyl Butyrate
74 grams of butyryl chloride and 50 grams of isobutyl
aldehyde were placed in a round bottom flask. There was a vigorous
reaction immediately, which was completed by heating on the water
bath at 90° for 1 hour. After this time, the reaction mixture,
which had turned dark, was distilled under diminished pressure, the
entire product boilin: at 40-130° at 10 mm. The distillate was
then separated into three portions by repeated fractionations in
vacuum as follows:
I. Fraction (35 grafts) B.P. 40- 70° at 10 ram.
II. Fraction (50 grams) B.P. 70- 80° at 10 mm.
III. Fraction (13 grams) B.P. 80-130° at 10 mm.
Fraction II made up the l^r^est portion of the distillate
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and was composed chiefly of the hvalogenated e3ter. After several
distillations, a product was obtained boilin; constant at 74-73° at
10 ram. and was oC chloro isobutyl butyrate. The yield of the halogen
ester was 58/'. The condensation product v;as a heavy colorless liq-
uid, which decomposed somewhat on standing.
Subst.j 0.2481. AgCl, 0.3100.
Calc. for 8H15 3ci: CI, 19.9. Found, 19.8.
Isobutvl Aldehyde and 7=ileryl Chloride^
CH3CH3CH3CH3COO-CHCICH oC Chloro Isobutvl Valerate
65 grams of valeryl chloride and 38 grams of isobutyl al-
dehyde were weighed out in a round bottom flask. A vigorous reac-
tion ensued immediately and the liquid boiled for some time from
its own heat of reaction. After heating on the water bath at 90°
for 1 hour, the dark colored reaction mixture was distilled under
Qdiminished pressure, the entire product boiling at 50-140, at 3 mm.
The distillate was then separated into three portions by repeated
fractional distillations in vacuum, as follows:
I. Fraction (10 grams 1 B.P. 50- 78° at 3 mm.
II. Fraction (45 -rrams) B.P. 78- 83° at 3 mm.
III. Fraction (15 grams) B.P. 88-140° at 3 mm.
Fraction II consisted largely of the haloren^ ted e9ter
and after several r efr^ ctionations yielded a product boiling con-
stant at ;0-83° at 3 mm. and which was chloro isobutyl v-ler=»te.
The yield of the halogen ester "/as 64$. The addition product was
a he^vy colorless liquid, when freshly distilled, but turned dark
on standing,
Subst. 0.1984; A-Cl, 0.1491.
Calc. for CQH17 oCl: CI, 18.45. Found, 18.3.
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un3
Isobutyl Aldehyde and Acetvl Bromide" OHgCO-Q-CHBrQH\CH3
Bromo i so-butyl acetate.
122 grams of acetyl bromide and 73 grams of isobutyl
aldehyde -.vere weighed out in a round bottom flask. The reaction
took place vigorously n n-'i characteristic of all the aliphatic acid
bromides condensed with aliphatic aldehydes. The reaction was com-
o
pleted by heating on the water bath at 90 for one hour, after
which the liquid v/as distilled, under diminished pressure, the pro-
duct boiling from 43-100° at 30 mm. Th 3 distillate v/as then frac-
tionally distilled in vacuum as follows*
I. Fraction (10 grass) B.P. 48- 70° at 30 mm.
II. Fraction (50 grams) B.P. 70- 78° at 30 mm.
III. Fraction (15 g*9»s} B.P. 78-100° at 30 mm.
Fraction II consisted mainly of the halogenated ester. After sever-
al fractionations, a product boilinr constant at r7 3-75° at 30 mm.
bromo
was obtained which proved to be/i3obutyl acetate. The yield v/as
66$. The condensation product was a heavy liquid possessing a
sharp odor and was colorless when freshly distilled. It. v/as more
easily decomposed than the corresponding addition product with ace-
tyl chloride.
Sub3t., 0.3030} AgBr, 0.1946.
Calc. for C6H11 3Br: Br, 41.0. Found, 40.8.
4. .Addition Products with Iso-Valeryl Aldehyde.
Iso-Valeryl Aldehyde and Acetyl Chloride* r TT^-^-cTT ^10 TTor T
oC Chloro Isc-Valervl Acetate.
Tha iso-valeryl aldehyde was prepared from iso-amvl alco-
hol in a manner exactly analogous to iso-butyl aldehyde from iso-
butyl alcohol, as cited above. The product boiling at 90-93° at
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750 mm. was us 3d. 39 grams of acetyl eftlorids ^nd 43 grams of the
aldehyde were placed in a round bottom flask ^nd heated on the water
bath at 90° for 1 hour. The liquid, which had turned dark colored
during the reaction was distilled under diminished pressure. The
mixture boiled at 30-100° at 60 mm. The distillate wa3 fractionated
in vacuum three times and separated into the following portions:
I. Fraction (10 grams) EUP. 30 -85° at 30 mm.
II. Fraction (40 -rams) B.P. 85 -°5° at 60 mm.
III. Fraction ( 9 grams) B.P. 915-100 at 60 mm.
The three fractions wars further distilled until a con-
o
stant boiling product, -9-93 at GO mm., was obtained. T v is portion
was«£ chloro iso-valeryl ?.cet ;:i te. The vield of h^loj^enat ed ester
was 69^. The product was a colorless, heavy liquid, with a pleas-
ant odor and was quite stable.
Suost., 0.3300; AgCl, 0.1980.
Calc, for C 7H1303C1: CI, 31.6. Found, 31.3.
/CH3
Iso-Valeryl Aldehyde and Acetyl Bromide=CH3C0-0-CHBrCH2CH ,\CH3
oC Bromo Iso-Vgleryl Acetate.
62 grams of the acid bromide and 43 grams of the aldehyde
were weighed out in a round bottom flask and heated on the water
bath at 90° for 1 hour. The two chemicals reacted V3rv violently
on mixing and turned dark during the reaction. The product was
distilled under diminished pressure, the entire liquid boiling at
30-105° at 35 mm. The distillate was then fractionated several
time3 in vacuum and separated as follows:
I. Fraction (30 grams) B.P. 30- 80° at 35 mm.
II. Fraction (63 grams) B.P. 80- 90° at °5 mm.
III. Fraction (8 .-rams) B.P. 90-105° at 35 mm.
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Repeat ed distillations of the several fractions finally gave a pro-
duct boiling constant at 85-88 at 35 mm. It waecC bromo iso-v^ler-
yl acetate. The heavy, colorless liquid decomposed readily on stand-
ing. The yield was 63$.
Subst., 0.3400; AgBr; 0.3134.
Oalo. for C7H13 2Br: Br, 38.3. Found, Br, 37.9.
5. Addition Products With Heptaldehyde.
Heptaldehyde and Acetyl Chloride=C TT3CO-0-CFCl(r TJ o) 5 CH3 .
<aC chloro heptyl acetate.
The heptaldehyde used waft a commercial product, redistill-
ed t ice and collecting the fraction boiling at 154-153° at 750 mm.
as pure enanthol. 95 grams of the aldehyde and grans of acetyl
chloride were placed in a round bottom flask. A reaction commenced
immediately on mixing the two liquids which was completed by heating
on the water bath at 90° for 1 hour. The darlc liquid was then dis-
tilled under diminished pressure, the product boiling from 45-145°
at 15 mm. The distillate was separated into three portions by frac-
tional distillation in vacuum.
I. Fraction (10 grams) B.P. 15-100° at 15 mm.
II. Fraction (70 grams) B.P. 100-110° at 15 mm.
III. Fraction (20 grams) B.P. 110-1 45° at 15 mm.
After several fractional distillations, a product boiling constant
at 104-105° at 15 mm. was obtained. It wa3 °£ chloro heptyl acetate
The yield of the ester was 6Q)G 4 The addition product was a heavy,
stable oil, colorle33 and possessing a pleasant odor.
Sub St., 0.3630. AgCl, 0.3026.
Calc. for C9H17 3C1: CI, 18.45; Found CI, 19.73.
Heptaldehyde and Butyryl ChloridesCHsCHs^CO-O-CHClCCH^gGHg
oC chloro heptyl butyrate
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85 grams of heptaldehyde and 79 grams of butyryl chloride
were placed in a round bottom flask and heated on the watea? bath at
90° for an hour. The dark liquid was then distilled under diminish-
ed pressure, the entire product boiling at 40-160° at 15 mm. The
distillate was redistilled in vacuum and the following fractions
collect ed.
I. Fraction (35 grams) B.P. 40-118° at 15 mm.
II. Fraction (90 grams) B.P. 118-126° at 15 ram.
III. Fraction (35 grams) B.P. 126-180° at 15 mm.
After repeated fractional distillations, a product was
obtained, boiling constant at 120-123° at 15 mm., which was oC
chloro heptyl butyrate. The yield was 60$. Th 3 halogenated ester
was a heavy, colorless oil of pleasant odor and unstable.
Subst., 0.1660; AgCl, 0.1100.
Calc. for 0nH21O2Cl: CI, 16.1. Found, 13.38.
Heptaldehyde and Acetyl Broniide, CH3CO-O-CII Br (CH2 ) 5 CH3 ,
oC bro.To heptyl acetate.
5 7 grains of the aldehyde and 61 grains of the acid bromide
were mixed together in a round bottom flask and heated on the water
bath at 90° for 1 hour. Ths reaction proceeded violently at first,
which is characteristic of the acid bromides. The reaction mixture
turned dark during; the process. The liquid was then distilled
under diminished pressure, the product boiling at 60-140° *t 15 mm.
Tb.3 distillate was again fractionated ssveral times in vacuum as
follows:
I. Fraction (18 grams) B.P. 60-110° 15 mm.
II. Fraction (60 grams) B.P. 110-130° 15 mm.
III. Fraction (30 grams) B.P. 130-140° 15 mm.
After 33veral fractional distillations, a product was obtained boil-
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Ing constant at 113-116° at 15 ram. whieh was the halogenated ester.
The yield was 65$ ,*C bromo heptyl acetate was a heavy colorless oil
when pure, decomposing readily on standing.
Subst. 0.2813. AgBr, 0.3230
Calo. for C9H1? 2Br: Br, 33.7. Found, 33.55.
B. Reactions of Aromatic Acid Halides and Aliphatic Aldehydes.
1. Addition Products with Paraformaldehyde
Paraformaldehyde and Benzoyl Chloride«C3 T ?5CO-0-CH Cl, ehlor-
raethyl benzoate.
The benzoyl chloride used was prepared from fused benzoic
acid and phosphorus pentachloride. The product boiling at 88° at
15 aim. was employed. The paraformald ehyd e was carefully dried. 80
grams of the aldehyde and 140 grama of acid chloride were placed in
a round bottom flask and heated on the water bath at 90° until the
paraformaldehyde had entirely disappeared. After the reaction, no
odor of benzoyl chloride was perceptible -and the liquid had turned
slightly brown during the process. The reaction mixture was then
distilled under diminished pressure. 35 grams of a solid remained
in the distilling flask which after recrystallization from alcohol
melted at 100° and was the dibenzoate of methylene, (^HgCOOjgCI^.
The main portion of the distillate, after several fractionations
o
in vacuum, "coil 3d at 114-115 at 9 mm, ^nd was chloro methyl benzo-
ate. Descude*^ reports the boiling point of the halogenated ester
a3 116 at 10 mm. The yi aid was 60?'. Chloro methyl benzoate is a
heavy, colorless, stable oil with a penetrating odor.
Paraformaldehyde and p-Chlor Benzoyl Chloride
The p-chlor benzoyl chloride was prepared from p-ohlor
benzoic acid by the action of phosphorous pentachloride. The acid
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chlorids boiled at 123-5° at 36 ram. 30 grama of p-chlor benzoyl
chloride and 5.1 grams of dry paraformaldehyde were heated on the
water bath at 95° until the paraformaldehyde had disappeared (6 hrs.)
The flask was then removed from the water bath and allowed to cool;
a solid separated out, only slightly soluble in 3ther, The reaction
mixture was then treated witb anhydrcu3 ethar and the solid filtered
off by suction. The solid was methylene di-p-chlcro benzoate. There
was 3 grams. The ether soluble product wa3 transferred to a fracticr
ating fla3k and the eth^r distilled off under atmospheric pressure
and finally the residual oil under diminished pressure. -After sever-
al fractionations, 5 grams of unreacted acid chloride, E.P. 130° at
30 mm., and 16 grams of chlor methyl p-chlor ben,scat e, B. P. 183-5
at 30 mm., was obtained. The yield was 5 Of:'. Th a halo rren at ed ester
was a heavy, colorless liquid, stable and possessing a sharp odor.
Subst. 0.3340; AgCi, 0.3260.
Calo. for CoH~0oClo : CI, 34.64. Found, 34.5
Paraformaldehyde and Benzoyl Broraide= C^H^C- OCHgBr, Bromomethyl-
benzoat e.
The benzoyl bromide was prepared from fused benzoic acid
and oxaiyl bromide . The product used boiled at 318-330° at ?39
ram. 50 grams of the acid bromide and 8.3 grams of dry paraformal-
dehyde were heated in a round bottom flask on the water bath at 9C°
until the para formaid eh yds :»i rr:y sar ud (3 hcu.r 3) . Th 3 reaction
mixture was then fractionated under diminished pressure. 30 grams
of brom methyl benzoate was obtained, B.P. 135-13?° at 18 mm. The
yield was 50%. 13 jrama low boiling .product, B.P. 100-135° at 18
mm., was recovered, largely unreacted benzoyl bromide. 14 grams of
the dibenzoate of methylene, M.P. 100°, crystallized from alcohol,
was also obtained. The bromoester was a very heavy, colorless liq-
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uid, with an odor similar to that of the corresponding chloro-est er.
Bubst. 0.1920; AgBr, 0.1680.
Cade, for CQH7 3Br: Er, 37.3. Found, m.88.
3. Addition Products with Paraldehyde.
Paraldehyde and Benzoyl Chloride»CsH5 C00-CHClCH3 ,«* Chloro Ethyl
Bensoate.
176 grains of benzoyl chloride "^d ?5 grams of paraldehyde
were weighed cut in a round bottom flask, and heated on the water
bath at 90° for an hour. At the end of this time, the d*»rk reaction
mixture was allowed to cool; a solid crystallized out which was
filter 3d off by suction and whioh proved to he benzoic acid, '.P.
120°. 10 grams of the solid was recovered. The filtrate from the
benzoic acii "/as then fractionated several times in vacuum until
a product boiling constant at 130° at 8 mm. was obtained whioh - as
the aalogenated ester. There was 148 grams of the product, making
the yield 60$. 50 grams of distillate, 3. P. 80-118° at 8 mm., com-
posed largely of unreacted benzoyl chloride, was also obtained. to-
gether with 15 grams of a high boiling solid, the dibenzoate, but
11
which was not identified. Descu.de mentions that a condensation
product between benzoyl chloride and paraldehyde could not be iso-
lated by him. oC Chloroethyl benzoate was a heavy, colorless
liquid, with a somewhat pleasant ester odor °nd was stable.
Subst. 0.1750; AgCl, 0.I37C.
Calc. for C9H9O3CI : 01. 19.25. Found, 19.3.
3. Addition Products with n-Butyl Aldehyde.
n-3utyl Aldehyde and Benzoyl Chloride* CgHcCO-OCHClCHgCIgC^,
oC chloro n-butyl ben scat e7
The n-butyl aldehyde was prepared from n-butyl alcohol by
oxidation with sodium di chroma t 3 as mentioned above. 70 grams of

benzoyl chloride was weighed out in a round bottom flask. 38 grains
o f n-butyl aldehyde was then slowly added to the acid chloride from
p dropping funnel, and the mixture refluxed gently with a free
flame for l/2 to 3/4 hour 3. It was thought that this method of add-
in. the aldehyde would reduce to a minimum aldol condensations, with
the subsequent formation of water and thus reduce the amount of
benzoic acid formed by hydrolysis. Since it was found that the con-
densation products between benzoyl chloride and aliphatic aldehyde
were comparatively stable to water and dilute sodium carbonate, the
benzoic acid was removed from 3ther solution by this methodj "35
grams. »as recover id. The ether layer '"as separated, dried with
CaClo and distilled-- th 5 ether under ordinary pressure and the
residual oil in vacuum. After repeated fractionations, the follow-
in- products were obtained:
I. Fraction (15 r?/:;s) B. r> . 85 at 18 mm.
II. Fraction (40 grams) B.P.135-138 at 18 mm.
III. Fraction ( 20 gr ams ) 3 . P . 15 -200° at 18 1m .
The lew boiling fraction was l?r^ely unreacted benzoyl
chloride. Ths middle fraction composed 45$ of the products and wa3
«*C chloro-n-butyl benzoate. The high boilin - fraction was made up
of aigh boiling condensation products. The ?^lo>-renated ester was
a heavy liquid with an ester odor which gradually turned brown on
standing.
Sub3t. 0.356?; AgCl, 0.1700
Calc. for C^H^OgCl: CI, 13.7. Found, 13.4;1/^
4. Addition Products with Isc-valoryl Aldehyde.
Iso-v j l3ryl Aldehyde and Benzoyl Chloride=
^ C
CfclkCO-O-CHCl-CH -C T " ©/. chlcro-i3o-v ;, leryl benzo a te
l-'j ,.rij:.s cf benzoyl c'b:"ii3 "a:- I'ool in a round bottom
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flask and attached to a condenser. 43 grama cf isovaleryl aldehyde,
prepared by the oxidation of isc-amvl alcohol, was slowly added from
a dropping funnel and the two liquids refluxed gently for 3/4 hours.
The reaction mixture was allowed to cool and treat ed ""if* ether and
10f- Na^OO? to remove the benzoic acid forced. 30 crams was recover-
ed. The ether layer was separated, dried with CaClo and distilled.
After several fractional distillation in vacuum, 45 grams of a prc-
o
duct boiling at 145-147 at 13 mm. was obtained. It was chloro-
isovaleryl benzoate. The compound was a heavy oil, with a somewhat
o
pleasant odor, and stable. 15 grama of a low boiling, 90-130 at
18 mm. , and 20 grams of a high boiling product, 150-200° at 18 mm.,
v as likewise obtained in the run. The yield of the halogen ester
was 50$.
Sub st. 0. 2114; AgGl, 0.13?5.
Calc. for C^gH^OgOl: 01, 15.65. Found, 15.5.
5. Addition Products with Heptaldehyde.
Heptaldehyde and Benzoyl Chioride= C6 !T5C0-0-CT-
TCl(0r^) 5 0H3 ,
oC Chloro Heptyi Benzoate.
70 grams of a benzoyl chloride and 57 grams of heptalde-
hyde were allowed to react, and the products worked up in a manner
similar to the reaction products between benzoyl chloride and n-
butyl, and iso-valervl aldehydes. In this experiment, 45 rrams of
the halogen ester wag obtained, which after several redistillations
in vacuum boiled 'it 1°^-1R3° at 18 mm. The vield was 4Cf*. Lees
reports the preparation of the vinvl ester C6HgC0^rGH5tCH(GH3)gOHg
,
B.P. 195 at 50 mm., by the action of benzoyl chloride on heptalde-
hyde and refluxing the reaction fixture from 4-6 hours, intimating
that the halogen est ?r ^y form as an int ermediate, which by auose-
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quent loss of halogen acid forms the unsaturated e3ter. It is
noticeable that refluxing for only * short time produced the halogen
ester in fair yield. The fact that prolonged heating of the halogen
ester at 25 was followed by loss of halogen acid was proved by
making a run, using the exact methods employed by Lees. In tMs ex-
periment, the halogen ester was entirely decomposed and 50 grams of
o
the unsaturated ester, 3. P. 135-187 *t 45 mm., was obtained. Re-
fluxing the reaction mixture for only a short time yielded -15 grams
of «C chloro heptyl benzoate, while only 12 grams of the unsaturated
ester, 3. P. 167-70° at 18 mm. formed. 10 grams of unchanged alde-
hyde, B.P. 65-^0° at 18 mm., and 15 grams of unreacted benzoyl
chloride, B.P. 83-90° at 18 mm., was also recovered. Jt is signifi-
cant tc note that the corr espondin.T unsaturated esters from benzoyl,
chloride and n-outyl and iso-valeryl aldehyde could not be prepared.
This may possibly be explained by the fact that the temperature at-
tained at the respective "boiling points of the two halogen esters
was not sufficiently high to split out halogen acid. aC chlor heptyl
benzoate was a heavy, colorless oil which turned slightly brown on
standing.
Bubst. 0.2382; AgOlj 0.1 38 5.
Calc. for 14Hlp o Cl: CI, 13.95. Found, 13.88.
Reactions between Aromatic Aldehydes and Aliphatic Acid Chlorides.
3 en 3aldehyde and Acetyl Chloride.
For two months, it was endeavored to isolate the condensa-
tion product between ben-; aldehyde and acetyl chloride, namely phenyl
chloro methyl acetate. The condensation product either did not form
under the conditions employed, or if the compound did form it could
not be distilled under diminished pressure "ithcut decomposition.
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Many experiments were tried, under different condition?, to isolate
the condensation product but met with no success. Allowing equi-
molecular quantities of the aldehyde and p cid chloride, with and with-
out ZnCl
,
to stand at room temperature for several days was not
successful. There seemed to be a reaction on mixing the two chem-
icals accompanied by an evolution of heat. But upon attempting to
distill the reaction mixture after the unchanged aldehyde ^nd acetyl
chloride came over, there was always left a tarry, high "-oiling
resin which invariably decomposed, no matter how low a vacuum was
obtained, nor could the resin be crystallized cut by a freezing mix-
ture. The distillation was rendered difficult in that the volatile
acetyl chloride could not be condensed properly in a vacuum distil-
lation and thus presented a low pressure. However, this was reme-
died by using a trap, which was surrounded by carbon dioxide snow.
At the temperature of COo-snow, the acetyl chloride was condensed
and as low a vacuum as 3 mm. was obtained with a, Ceico oil pump. How-
ever, even at this low vacuum the resin decomposed. 3 s onlv small
amounts of the resin were obtained at room temperature, it was en-
deavored to increase the amount formed in a run ^nd if possible to
crystallize it out. Therefore, molecular quantities of the alde-
hyde and acetyl chloride were heated on the water bath for varying
lengths of time (1 - 48 hours) and even refluxing the reaction mix-
ture with a free flame was resorted to without success. The nature
of the resin could not be determined.
C. Reactions of the Addition Compounds.
1", With Ammonia and Amines.
Chloromsthyl Acetate with Ammonia and Aliphatic Amines
Passing dry ammonia gas into an anhydrous ether solution
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of chloromethyl acetate, produced as the chief products of the reac-
tion, aoet amide, ammonium chloride and formaldehyde.
Under the same conditions, primary and secondary aliphatic
amines, mono-methyl and di-ethyl amine, gave the substituted acid
amides, the amine hydrochloride and formaldehyde,
Choro methyl acetate and Aniline.
Treating an absolute ether solution of chloro methyl ace-
tate with 3 mole of aniline, there was produced chiefly phenyl acet-
amide or acetanalid, aniline hydrochloride and formaldehyde. Thus,
from 20 grains of chloromethyl acetate, treated with 25 grams of
aniline in anhydrous ether was obtained 30 grams of acetanilid, U.B,
114-115
. 15 grams of a yellow solid separated from the ether. On
treating the solid with water, a portion was soluble and on making
the solution alkaline, an oil separated which was identified as ani-
line. The water insoluble portion waa anhy ir o-fcrmaldehyde aniline,
described by Ooldsohmidt and produced by the action of formalde-
hyde (liberated from chloromethyl acetate) upon the excess of ani-
line. It melted at 140-141°, th>e same as given in the literature.
Eoilin^ with aqueous alkali decomposed the compound into aniline and
formaldehyde. The aniline wa3 identified by the phenyl isocyanide
viven with chloroform.
On treating' 20 grams of chloromethyl acetate with 27.5 g.
Of diethyl aniline, there was apparently no reaction in the cold.
Chloromexhyl Ben 20 ate and Ammonia.
The action of ammonia u~on Cq^CO^CHoCl, chloromethyl ben-M O *-J
zoate, was illustrated "by the following sxperiraent. 20 grams of
chloromethyl benzbate was dissolved in 100 cc. of anhy Irons ether
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and dry ammonia gas was passed into the solution at room t emperature
until no further precipitate was produced. The sclid was filtered
off by suction and treated with hot benzene. On cooling 5 grama of
benzamide, M.P. 128°, separated. The portion of the solid remaining
after extraction with hot benzene was identified as ammonium chlor-
ide. It dissolved in water, ijave a pr sciplta te o * silver chloride
and liberated ammonia on treating with alkali. On evaporating the
ether from the ether soluble portion 8 ---rams of hen 7 a- ids, M.P. 128 a
was also obtained.
Chloromethyl Benzoate and Diethylamine.
15 grams of chloromethyl benzoate was dissolved in 100 cc.
of dry ether and 12.8 grams of diethylamine added. fl white solid
separated at once. The reaction mixture was allowed to stand for
34 hours and then the solid was filtered off. It proved to be di-
ethylamine hydrochloride, M.P. 300-205°. The solid was soluble in
water and on treating with alkali, the odor of diethylamine was ob-
served. There was 5 grams of the hydrochloride. On evaporating the
ether from the ether soluble portion, 8 grams of an oil was obtain-
o
ed, b.p, 173-175 at 35 mm., which corresponded in properties to
diethyl benzamide.
Chloromethyl Benzoate and Aniline.
15 grams of chloromethyl benzoate, dissolved in 75 cc. of
dry ether, was treated with 18.4 grams of aniline and allowed tc
stand for 34 hours. A yellow precipitate separated immediately.
The solid was filtered off by suction. It was a mixture of aniline
hydrochloride and anhydro formaldehyde aniline. The aniline hydro-
chloride was removed by extraction with water. The anhydro formalde-
hyde aniline toelted at 140-141°; there was 6 grams. The ether was

distilled off the ether soluble product and 10 grams of a white
solid remained which after r ecrystalli zing from alcohol melt ed at
159-130°. It was benzanalid.
Chloromsthyl Benzoate and Diethyl Aniline.
On allowing 1C grams of chloromethvl benzoate and 8.7 g.
of diethyl aniline to stand at room temperature for 34 houra, there
was no heat involved. There was apparently no reaction and the
original substances were obtained unchanged.
2. With ^at-r.
5 cc. of chloromsthyl acetate and ehloroethyl acetate re-
spectively were treated with 5 cc. of water and allowed to stand.
The liquids were immiscible at the beginning of the experiment but
after 34 hours the halogen e3ters had gone completely into solution,
decomposing into acetic acid, hydrochloric acid and the correspond-
in-, aldehydes.
In a similar manner, 5 cc. of chloromethyl benzoate and
*chloro ethyl benzoate "-ere treated with 5 cc. of water and allowed
to stand in stoppered te3t tubes. These esters in contrast to the
aliphatic 33ters were exceedingly stable and showed no si ns of de-
composition after two weeks. Benzoyl chloride, on the other hand,
had largely decomposed to benzoic acid in 24 hours when treated in
a similar fashion.
3. With Solid Potaeeins Hydroxide.
Ohlcroraethyl Acetate and notassiure Hydroxide.
When 35 ^r^ is o^ cMoromethyl acetate was heated on the
water bath at ?0° with an eouimoleoular quantity of 3olid KOH, it
decomposed, practically quantitatively, into potassium acetate.
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po'tassiura chloride and formaldehyde,
JL Chloroheptyl Acetate and EOH.
The action of solid KCT-! ci**ehlcrohept yl acetate was next
studied. 35 grams of the halogen eater was treated with 1 - ol of
solid KQH and heated on the water bath. The primary object of the
experiment was to split out hydrochloric acid from the halogen ester
to form the unsaturated vinyl derivative. However, instead ,y,o^t of
the halogen ester was decomposed to potassium acetate, -otassium
chloride and heptaldehyde,
Chloromethyl Benzoate, *C Chi ore Isc-valsryl Benzoate, and
*C Chloroheptyl Pamoate with KOH.
Similarly, chloromethyl benzoate, «f chloro iso-valeryl
benzoate and*C chloroheptyl benzoate "/ere treated with solid KOH,
and in no case was the vinyl ester or vinyl derivative obtained,
'out instead potassium benzoate, potassium chloride and the corre-
spond in - aid eh yd e
.
4. With Pyridine,
Chloromethyl Acetate and Pyridine.
When 20 grams of chloromethyl acetate was treated with
14.5 grams (1 mol) of pyridine, there was heat evolved. The two
liquids >.vere raiscible but on standing for a short time, a heavy
dark colored oil separated which could not be purified for analysis,
either by crystallization or distillation in vacuo. The liquid de-
composed on heating. Qualitative analysis showed the presence of
nitrogen and halogen. Therefore, it wats inferred that the oil was
probably the pyridine addition compound of chloromethyl aoetate.
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*C Chloroheptyl Acetate and Pyridine.
50 grama olaCchloroheptyl acetate wag treated with 41 grama
(3 mole) of pyridine and allowed to 3tand for 2 days. The obiect
of the experiment was either to prepare the pyridine addition com-
pound of the halogenated ester or to pull cut halogen acid from
chloroheptyl acetate to form the vinyl derivative. At t>e end of
2 days, the liquid, which showed no signs of. a reaction either by
the formation of a solid or an oil, was treated with yther and HC1
to remove the excess of pyridine. The ether l«yer was separated,
dried with CaClo and distilled. Practically all of the halogen
ester, B.P. 105-103 at 20 mm., was recovered. A similar experi-
ment was run with jC chloroheptyl acetate and pyridine, h satin? the
two on a water hath for °A hours with the s^me result. The halo-
genated e3t er was recovered unch^r ed and apparently was stable
and did not lc^e halogen acid easily, nor did this particular ester
hsve the property of forming a pvridine addition compound.
The next experiment was run, c c!l lowing the dir ections of
Olaisen and Haase for the determination o^ the enol form of acetc-
acetic ester in which was isolated o-acetyl aceto acetic ester. 5?
grains of heptaldehyde and 79 jra ^ of pyridine were placed in a
round bottom flask <?nd attached to a water condenser. 58 grams of
acetyl chloride was added slowly from a dropping funnel. Each drop
of acetyl chloride reacted vigorously with the formation of a solid.
The reaction mass was kept cccl with ice until a!2 of the acetyl
chloride was added. The semi -solid mass was allowed to stand for
34 hours and then treated with water and ether. The water destroy-
ed the excess of acetyl chloride, the ether layer -as then separat-
ed and treated with HC1 to remove the excess of pyridine. The eth-
er layer was again separated, washed with HgO twice and dried with
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CaClg. The solvent was distilled off snd finally tire residual oil
under diminished pressure. lost of the aldehvde (40 grains); P.P.
65° Sit 18 mm., was recovered, and no unsaturated estar. The acetyl
chloride reacted with the pyridine to form a sg.lt and wa3 removed
by the water. A similar experiment was run, heatinr the reaction
mixtur 3 on the water bath for 34 hours. The unsaturated ester was
not formed in this case.
„ opSemmler reports the preparation of the unsaturated
ester from heptaldehyde, acetic ar.hylride, and sodium acetate. This
he calls enol n-heptonal acetate, C^^rc'--^{cv.2 ) 4 CJ J 3, P.P. 73-9°
at 10 rami.
Chloromsthyl Penzoete end Pyridine.
15 grams of ch lor cmethyl b en zoat e and 10 grans of pyri-
dine w er e weighed out in a small Yrl en^.^y *t flask and allowed to
stand. There was no heat evolved on mixing the two chemicals and
in a short time crystals began to form, the mixture solidifying en-
tirely after 6 hours. The excess of pyridine was filtered off the
crystals by suction. The deliquescent solid was purified by twice
dissolving in absolute alcohol and pr eci^it^tini? with absolute
ether. The pure white crystals melted at 177-178°. It was the
pyridine addition compound of chloromethyl benzoate*
Subst., 0.4796, required 18,75 cc. AgNOg . N.F. 0.1022
Calc. for C13H13O2NCI; CI, 14.23. Found, 14. PC.
eC Ohio ro ethyl Be mo ate and Pyridine.
~C Chlcro 3thyl benzoate treated Similarly ••'/it 1-: pyridine
formed a serai-3olid viscous mass, dark colored and which could not
be mrified. On tre^-tins the reaction mixture with HC1 to remove
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the excess of pyridine and ether, separating the ether layer, drying
with CaCl and distilling no vinyl benzoate was recovered. The lat-
ter compound had either not formed, cr if halogen acid had split out
the vinyl benzoate formed decomposed during the reaction.
x>C Chloro Iso-valeryl Benzoate and cC Chlorheptyl Benzoate
with Pyridine.
In the same "'/ay, treating^ chloro isc-va leryl andoC chloro
heptyl benzoate '.vith pyridine, neither the pyridine addition com-
pound nor pyridine hydrochloride and the unsaturated ester was form-
ed but on working up the reaction mixtures most of the halogen aster
was recovered unchanged.
Again, treating 57 grams of heptaldehyde and n9 grams of
pyridine, with 7 grams of benzoyl chloride according to the method
of C la is en and Haase cited above was not successful in isolating
thefX^^ unsaturated heptylene benzoate. This co oimd has been
prepared by Lees^" by continued refluxing of benzoyl chloride and
n-heptaldehyde at a high temperature,
5. With Quincline.
Chloromethyl Acetate and Quinoline.
30 grams of chloromethyl acetate and 14.5 grams of quino-
line were weighed out in a snail Erlenmeyer flask, and allowed to
stand. After 24 hours the liquid had solidified. The solid was pur-
ified by dissolving in absolute alcohol and precipitating with abso-
lute ether. T^o precipitations gave a slightly colored solid melt-
ing with decomposition at 314-216°. It was the quinoline addition
c o i v. ound of chlorom et hy1 acetate.
Sub St., 0.530J required 31.49 cc. AgU03, fl.F. 0.1033
Calc. for B^gH
lj3 3NCl: C1 , 14.95. Found, 15.20.
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Chloromethyl Bensoate and Quinoline.
Chlcrinethyl ben^o^te and qu inoline reacts:! to form 9. red,
viscciis oil, presumably the quinoline addition compound, but vhich
could not be made to solidify for r>ur i float ion.
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V. SUMMARY

I. The reactions between aliphatic ?cid halides and ali-
phatic aldehydes, and between aliphatic aldehydes and aromatic acid
chlorides to give halogenated estsrs are general, just as is the
case with aromatic acid halides previously prepared.
3. Addition compounds between formaldehyde acetaldehyde
n-butyl, iso-butyl, iso-valeryl, ^nd heptaldehydes, with simple and
substituted aliphatic acid halides have been prepared.
3. The halogenated ester addition products between form-
aldehyde, acetaldehyde, n-butyl, iso-valeryl and hept aldehydes, with
aromatic acid chlorides have been prepared.
4. The addition compounds between aromatic aldehydes and
aliphatic acid halides, such as phenvl chloro methyl acetate could
not be prepared.
5. The structure of the aliphatic-aliphatic and aromatic-
aliphatic addition compounds has bean indic?ted, as outlined by
previous work and certain reactions carried out in the present re-
search.
6. The formation of the various typss of halogenated
esters involves widely different m 3thod3 of preparation. In some
cases the compounds form at room temperature, while in others a
high temperature is necessary for addition to take place.
7. In general it has been found that acid bromides react
with aldehydes with greater rapidity and with mere violence than
acid chlorids3,
3. The stability of the various type3 of halogenated
esters varies as follows: the aromatic =>cid chloride-aliphatic
aldehyde addition compounds are the most stable, the aliphatic acid
halide-formdldehyde and acetaldehyde compounds next and the higher
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aliphatic aldehyde-aliphatic acid halide halogexiated esters the
least stable.
2. The different tvpes of halogenated esters form with
greater ease and higher yields are obtained in the aliphatic -aliphat-
ic series than in the aromatic-aliphatic.
10. The action of ammonia, certain amines, water, potas-
sium hydroxide, pyridine and quinoline, on chloro methyl acetate
and benzoate has "been studied. The reactions of the halogenated
esters in some cases are such as might be expected from a mere mix-
ture of the aldehyde and acid halide used, while in others the re-
actions are characteristic of the addition compounds.

.
,—, ,
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